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Abstract
Within the MSSM, we have evaluated the decay rates for the lepton flavour violating
Higgs boson decays (LFVHD) h → lilj where li,j are charged leptons and i 6= j. This
has been done in a model independent (MI) way as well as in supersymmetric high scale
seesaw models, in particular Type I see-saw model. Lepton flavour violation (LFV) is
generated by non-diagonal entries in the mass matrix of the sleptons. In a first step
we use the model independent approach where LFV (off-diagonal entries in the mass
matrix) is introduced by hand while respecting the direct search constraints from the
charged lepton flavor violating (cLFV) processes. In the second step we use high scale
see-saw models where LFV is generated via renormalization group equations (RGE)
from the grand unification scale (GUT) down to electroweak scale. cLFV decays are
the most restrictive ones and exclude a large part of the parameter space for the MI
as well as the high scale see-saw scenarios. Due to very strict constraints from cLFV,
it is difficult to find large corrections to LFVHD. This applies in particular to h → τµ
where hints of an excess have been observed. If this signal is confirmed, it could not
be explained with the models under investigation.
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1 Introduction
The Standard Model (SM) predicts flavor mixing in the quark sector. However, lepton flavor
violation (LFV) is exactly zero due to the assumption of vanishing neutrino masses. The
observation of neutrino oscillations [1] certainly contradicts the SM, and also suggest the
possibilty of the observation of flavour violation on the chaged sector (cLFV). However,
processes such as li → ljγ, with i 6= j and li,j = e, µ, τ have not been observed yet. Even
if the SM is complemented with massive non-degenerate light neutrinos, the rates for these
processes are supressed by a factor ∆m4ν/M
4
W where ∆mν denotes the neutrino mass splitting
andMW theW boson mass. Data from neutrino oscillations implies values for ∆mν so small
that the processes like BR(li → ljγ) would be out of the experimental scope. Independently
of the neutrino problem, even the Minimal Supersymetric Standard Model (MSSM) [2] can
predict charged LFV due to flavor mixing in the sleptons (scalar partners of the leptons)
allowing prediction for these process in the experimental reach [3, 4]. The same mechanism
can enable LFV Higgs decays, such decays have gathered a lot of attention after CMS
reported excess for the channel h → µτ [5]. This seems to be consistent with the latest
analysis of the ATLAS results [6]. However, their significance is not large enough and
further data is needed to confirm or exclude this excess.
The complementation of the MSSM with a mechanism to explain neutrino oscillations
can relate those to corresponding cLFV effects. A first guess would be to write down the neu-
trino yukawa couplings which generates neutrino masses via electroweak symmetry breaking
(EWSB). However those couplings will be so small that it will be very difficult to link them
to the observation of cLFV. This picture changes when these masses are explained with a
“see-saw” mechanism [7], that can be implemented in different ways [8,9]. The most popular
of these mechanisms is Type-I see-saw [7], the small neutrino mass mν ≈ Y 2ν v2/MR with Yν
the neutrino yukawa coupling, MR the seesaw scale and v the vacuum expectation value, is
achieved with a high scaleMR which can allow large values for Yν. Even with the assumption
of universal soft masses at the GUT scale, the presence of Yν in the RGE above MR can
generate non trivial slepton mixings, hence relating cLFV to the neutrino problem [10–24]
and GUT scenarios [25–28]. Other popular high scale seesaw mechanisms are Type II [29,30]
and Type III [31,32] seesaw models. In Type II seesaw, the heavy particle is a Higgs triplet,
whereas in Type III see-saw model, the exchanged particle should be a right-handed fermion
triplet. At low energy, the neutrino masses are generated by a dimension 5 operator and
one can not distinguish between different see-saw realizations. One common feature among
these models is that the LFV effects in these models are generated by non diagonal entries
(as explained above for the Type I see-saw mechanism) in the slepton mass matrix. These
off-diagonal entries in the slepton mass matrix not only predict sizeable rates for the cLFV
processes but can also results in the LFV decays of the Higgs boson [33–39]. While super-
symmetric high scale see-saw models successfully describe the neutrino masses and mixing
and predict sizeable rates for the cLFV processes, it is yet to be seen if they can also explain
the CMS reported excess, which precisely is the aim of this work.
In this article we evaluate LFV Higgs decays like h→ lilj where li,j=e,µ,τ are the charged
leptons with i 6= j. For our calculations we prepared an add-on model file for FeynArts [40,41]
which adds LFV effects to the existing MSSM model file, as described in [42,43]. We carry out
our numerical analysis in two frameworks. In the first framework we study several expamples
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of mass spectra for the MSSM consistent with all the phenomenological constraints. Flavor
mixing is generated by putting off-diagonal enteries in the slepton mass matrices by hand
such that cLFV is consistent with direct experimental searches. In the second framework,
we study MSSM augmented by the high scale seesaw models in particular Type I seesaw
mechanism [7] and flavor mixing is generated through RGEs as explained above.
This paper is organised in the following way: In section 2 the MSSM is presented and
we introduce our definitions of the slepton basis and mass matrices. The third section is
dedicated to briefly review the observables that will be studied in this paper. In the fourth
section we present our numerical analysis in the MI approach for the observables of section
3. In section 5 we present our numerical analysis for the MSSM augmented by seesaw Type I
mechanism. Finally, our conclusions can be found in section 6.
2 LFV in the MSSM
The MSSM is the most popular SUSY extension of the SM. With the assumption of soft
SUSY breaking terms we introduce a flavor mismatch for the scalar partners with respect
to their corresponding leptons. Therefore, flavor violation is introduced through loops con-
taining SUSY particles. In this section, along with the MSSM we introduce the definitions
and operational basis that will be used in the rest of the work. We use the same notation
as in Refs. [37, 38, 43–45].
One can write the most general SU(3)C × SU(2)L × U(1)Y gauge invariant and renor-
malizable R-parity conserving superpotential for the MSSM as
WMSSM = Y
ij
e ǫαβH
α
1 E
c
iL
β
j + Y
ij
d ǫαβH
α
1D
c
iQ
β
j + Y
ij
u ǫαβH
α
2 U
c
iQ
β
j
+µǫαβH
α
1H
β
2 (1)
where Li represents the chiral multiplet of a SU(2)L doublet lepton, E
c
i a SU(2)L singlet
charged lepton, H1 and H2 two Higgs doublets with opposite hypercharge. Similarly Q,
U and D represent chiral multiplets of quarks of a SU(2)L doublet and two singlets with
different U(1)Y charges. Yu, Yd and Ye are the Yukawa couplings for up-type, down-type
and charged leptons respectively. Three generations of leptons and quarks are assumed and
thus the subscripts i and j run over 1 to 3. The symbol ǫαβ is an anti-symmetric tensor with
ǫ12 = 1.
The general set-up for the soft SUSY-breaking parameters is given by [2]
−Lsoft = (m2Q˜)ji q˜†iL q˜Lj + (m2u˜)ij u˜∗Riu˜jR + (m2d˜)ij d˜∗Rid˜jR
+(m2
L˜
)ji l˜
†i
L l˜Lj + (m
2
e˜)
i
j e˜
∗
Rie˜
j
R
+m˜21h
†
1h1 + m˜
2
2h
†
2h2 + (Bµh1h2 + h.c.)
+(Aijd h1d˜
∗
Riq˜Lj + A
ij
u h2u˜
∗
Riq˜Lj + A
ij
e h1e˜
∗
Ri l˜Lj
+
1
2
M1B˜
0
LB˜
0
L +
1
2
M2W˜
a
LW˜
a
L +
1
2
M3G˜
aG˜a + h.c.). (2)
Here m2
Q˜
and m2
L˜
are 3× 3 matrices in family space (with i, j being the generation indeces)
for the soft masses of the left handed squark q˜L and slepton l˜L SU(2) doublets, respectively.
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m2u˜, m
2
d˜
and m2e˜ contain the soft masses for right handed up-type squark u˜R, down-type
squarks d˜R and charged slepton e˜R SU(2) singlets, respectively. Au, Ad and Ae are the 3×3
matrices for the trilinear couplings for up-type squarks, down-type squarks and charged
slepton, respectively. m˜1 and m˜2 are the soft masses of the Higgs sector. In the last line M1,
M2 and M3 define the bino, wino and gluino mass terms, respectively.
The most general hypothesis for flavor mixing in sleptons assumes a mass matrix that
is not diagonal in flavor space. In the charged slepton sector we have a 6 × 6 mass matrix,
based on the corresponding six electroweak interaction eigenstates, L˜L,R with L = e, µ, τ for
charged sleptons. For the sneutrinos we have a 3× 3 mass matrix, since within the MSSM,
we have only three electroweak interaction eigenstates, ν˜L with ν = νe, νµ, ντ .
The non-diagonal entries in this 6 × 6 general matrix for sleptons can be described in
terms of a set of dimensionless parameters δFABij (F = L,E;A,B = L,R; i, j = 1, 2, 3,
i 6= j) where F identifies the slepton type, L,R refer to the “left-” and “right-handed”
SUSY partners of the corresponding fermionic degrees of freedom, and i, j indexes run over
the three generations.
One usually writes the 6 × 6 non-diagonal mass matrices, M2
l˜
referred to the Super-
PMNS basis, being ordered as (e˜L, µ˜L, τ˜L, e˜R, µ˜R, τ˜R), and write them in terms of left- and
right-handed blocks M2
l˜ AB
(A,B = L,R), which are non-diagonal 3× 3 matrices,
M2
l˜
=
(
M2
l˜ LL
M2
l˜ LR
M2 †
l˜ LR
M2
l˜ RR
)
, (3)
where:
M2
l˜ LL ij
=m2
L˜ ij
+
(
m2li + (−
1
2
+ s2w)M
2
Z cos 2β
)
δij ,
M2
l˜ RR ij
=m2
E˜ ij
+
(
m2li − s2wM2Z cos 2β
)
δij,
M2
l˜ LR ij
=
〈
h01
〉Alij −mliµ tanβ δij , (4)
with, i, j = 1, 2, 3, s2w = 1 −M2W/M2Z with MZ,W denote the Z and W boson masses and
(ml1 , ml2 , ml3) = (me, mµ, mτ ) are the lepton masses. µ is the Higgsino mass term and
tanβ = v2/v1 with v1 = 〈h01〉 and v2 = 〈h02〉 being the two vacuum expectation values of
the corresponding neutral Higgs boson in the Higgs SU(2)L doublets, h1 = (h
0
1 h
−
1 ) and
h2 = (h
+
2 h
0
2).
It should be noted that the non-diagonality in flavor in the MSSM comes exclusively
from the soft SUSY-breaking parameters, that could be non-vanishing for i 6= j, namely:
the masses mL˜ ij for the sfermion SU(2) doublets, the masses mE˜ ij for the sfermion SU(2)
singlets and the trilinear couplings, Afij.
In the sneutrino sector there is, correspondingly, a one-block 3 × 3 mass matrix, that is
referred to the (ν˜eL, ν˜µL, ν˜τL) electroweak interaction basis:
M2ν˜ =
(
M2ν˜ LL
)
, (5)
where:
M2ν˜ LL ij = m
2
L˜ ij
+
(
1
2
M2Z cos 2β
)
δij. (6)
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It is important to note that due to SU(2)L gauge invariance the same soft masses mL˜ ij
enter in both the slepton and sneutrino LL mass matrices. The soft SUSY-breaking param-
eters of the sneutrinos would differ from the corresponding ones for charged sleptons by a
rotation with the PMNS matrix. However, taking the neutrino masses and oscillations into
account in the SM leads to LFV effects that are extremely small. (For instance, in µ→ eγ
they are of O(10−47) in case of Dirac neutrinos with mass around 1 eV and maximal mix-
ing [46–48], and of O(10−40) in case of Majorana neutrinos [46,48].) Consequently we do not
expect large effects from the inclusion of neutrino mass effects here and neglect a rotation
with the PMNS matrix. The slepton mass matrix in terms of the δFABij is given as
m2
L˜
=


m2
L˜1
δLLL12 mL˜1mL˜2 δ
LLL
13 mL˜1mL˜3
δLLL21 mL˜2mL˜1 m
2
L˜2
δLLL23 mL˜2mL˜3
δLLL31 mL˜3mL˜1 δ
LLL
32 mL˜3mL˜2 m
2
L˜3

 , (7)
v1Al =

 meAe δELR12 mL˜1mE˜2 δELR13 mL˜1mE˜3δELR21 mL˜2mE˜1 mµAµ δELR23 mL˜2mE˜3
δELR31 mL˜3mE˜1 δ
ELR
32 mL˜3mE˜2 mτAτ

 , (8)
m2
E˜
=


m2
E˜1
δERR12 mE˜1mE˜2 δ
ERR
13 mE˜1mE˜3
δERR21 mE˜2mE˜1 m
2
E˜2
δERR23 mE˜2mE˜3
δERR31 mE˜3mE˜1 δ
ERR
32 mE˜3mE˜2 m
2
E˜3

 . (9)
We need to rotate the sleptons and sneutrinos from the electroweak interaction basis to
the physical mass eigenstate basis,

l˜1
l˜2
l˜3
l˜4
l˜5
l˜6


= Rl˜


e˜L
µ˜L
τ˜L
e˜R
µ˜R
τ˜R


,

 ν˜1ν˜2
ν˜3

 = Rν˜

 ν˜eLν˜µL
ν˜τL

 , (10)
with Rl˜ and Rν˜ being the respective 6× 6 and 3× 3 unitary rotating matrices that yield the
diagonal mass-squared matrices as follows,
diag{m2
l˜1
, m2
l˜2
, m2
l˜3
, m2
l˜4
, m2
l˜5
, m2
l˜6
} = Rl˜ M2
l˜
Rl˜† , (11)
diag{m2ν˜1 , m2ν˜2, m2ν˜3} = Rν˜ M2ν˜ Rν˜† . (12)
3 Observation of SUSY LFV at the EW scale
SUSY particles enter in SM processes at the loop level. Therfore, there is a SUSY contribu-
tion to processes predicted in the SM like the b→ sγ. However, the equivalent cLFV decays
would arise only from loops medated by SUSY particles as the one of Fig. 1. The bounds
from the experimental search for these processes can be used to impose limits on the δFABij .
The aim of this paper is to evaluate the impact of the allowed δFABij on LFV Higgs decays.
In this section we will review the observables that will be studied in the consecutive sections.
4
∼χ
~~
γ
(n)
(b)(a)
(c)∼χ
γ
eµeµ
ll
Figure 1: The generic Feynman diagrams for the µ→ eγ decay. l˜ stands for charged slepton
(a) or sneutrino (b), while χ˜(n) and χ˜(c) represent neutralinos and charginos respectively.
3.1 Charged lepton flavor violating decays
Radiative LFV decays, µ → eγ, τ → eγ, and τ → µγ are sensitive to the δFABij ’s via the
(ℓiℓjγ)1-loop vertices with a real photon. Fig.1 shows the one-loop diagrams relevant to the
µ → eγ process. The corresponding τ → µγ decay is represented by an analogous set of
graphs.
The electromagnetic current operator between two lepton states li and lj is given in
general by
Tλ = 〈li(p− q)|Jλ|lj(p)〉
= u¯i(p− q){mjiσλβqβ
(
ALMPL + A
R
MPR
)}uj(p) (13)
where q is the photon momentum. The AM ’s receive contributions from neutralino-charged
slepton (n) and chargino-sneutrino (c) exchange
AL,RM = A
L,R
M(n) + A
L,R
M(c) (14)
The Branching Ratio of the decay lj → li + γ is given by
BR(lj → liγ) = 48π
3α
G2F
(
(ALM )
2 + (ARM)
2
)
.
The above set of decay processes gives the most restrictive constraints on the slepton
δFABij . Other cLFV decays which are sensitive to δ
FAB
ij are also possible [45] :
1. Leptonic LFV decays: µ→ 3e, τ → 3e, and τ → 3µ. These are sensitive to the δFABij ’s
via the (ℓiℓjγ)1-loop vertices with a virtual photon, via the (ℓiℓjZ)1-loop vertices with a
virtual Z, and via the (ℓiℓjh)1-loop, (ℓiℓjH)1-loop and (ℓiℓjA)1-loop vertices with virtual
Higgs bosons.
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2. Semileptonic LFV tau decays: τ → µη and τ → eη. These are sensitive to the δFABij ’s
via the (τℓA)1-loop vertex with a virtual A and the (τℓZ)1-loop vertex with a virtual Z,
where ℓ = µ, e, respectively.
3. Conversion of µ into e in heavy nuclei: These are sensitive to the δFABij ’s via the
(µeγ)1-loop vertex with a virtual photon, the (µeZ)1-loop vertex with a virtual Z, and
the (µeh)1-loop and (µeH)1-loop vertices with a virtual Higgs boson.
However, the indirect bounds that can be obtained on the lepton flavor violating δFABij ’s
from these processes are less restrictive than the ones from radiative LFV decays. Present
experimental limits on these decay processes are summerized in Tab. 1:
observable experimental limit observable experimental limit
BR(µ→ eγ) 5.7× 10−13 BR(τ → eee) 2.7× 10−8
BR(τ → µγ) 4.4× 10−8 CR(µ− e,Au) 7.0× 10−13
BR(τ → eγ) 3.3× 10−8 BR(τ → µη) 2.3× 10−8
BR(µ→ eee) 1.0× 10−12 BR(τ → eη) 4.4× 10−8
BR(τ → µµµ) 2.1× 10−8
Table 1: Present experimental limits on the cLFV decays [49–53].
3.2 Lepton flavor violating Higgs decays
Since the discovery of a Higgs boson, special effort has been made to determine its properties.
The motivation for such an effort resides on understanding the mechanism for electroweak
symmetry breaking. At present, several aspects of the Higgs boson are to some extent well
known, in particular those related with some of its expected standard decay modes, namely:
WW ∗, ZZ∗, γγ, bb¯ and τ+τ− [54]. Currently, measurements of these decay modes have shown
compatibility with the SM expectations, although with large associated uncertainties [55].
Indeed, it is due to these large uncertainties that there is still room for non-standard decay
properties, something that has encouraged such searches at the LHC as well. Searches for
invisible Higgs decays have been published in [56,57]. The CMS collaboration using the 2012
dataset taken at
√
s = 8 TeV with an integrated luminosity of 19.7 fb−1, has found a 2.4 σ
excess in the h → µτ channel, which translates into BR(h → µτ) ≈ 0.84+0.39−0.37% [5]1. That
is consistent with the less statistically significant excess, BR(h → µτ) = (0.53 ± 0.51)%,
reported by ATLAS [6].
Feynman diagrams for the process h → µτ are dispalyed in Fig. 2. Using our FeynArts
and FormCalc setup we can compute the branching ratios for the Higgs LFV decays in the
context of the models under consideration. For numerical analysis we define the branching
ratios of LFVHD as
BR(h→ l±i l∓j ) =
Γ(h→ l±i l∓j )
Γ(h→ l±i l∓j ) + ΓMSSMh
(15)
1The CMS collaboration released a new result [58], not published yet, using data taken at
√
s = 13 TeV
corresponds to an integrated luminosity of 2.3 fb1. No excess is observed at 95% CL
6
Where i, j = e, µ, τ and ΓMSSMh is total decay width of CP-even light Higgs boson without
flavor violation.
h
0
τ
µ
χl˜
χm˜
νl˜
h
0
τ
µ
χl0˜
χm0˜
ed˜
h
0
τ
µ
νl˜
νl˜
χl˜
h
0
τ
µ
ed˜
ee˜
χl0˜
h
0
τ
µτ
χl˜
νl˜
h
0
τ
µτ
χl0˜
ed˜
h
0
τ
µ
µ
χl˜
νl˜
h
0
τ
µ
µ
χl0˜
ed˜
Figure 2: Feynman diagrams for LFV decays h→ µ±τ∓.
4 Model independent analysis
In this section we choose a model independent approach to perform the numerical analysis.
As a framework we choose some MSSM model points compatible with present data, including
recent LHC searches and the measurements of the muon anomalous magnetic moment. In
addition, we include the range of values of |δFABij | allowed from the current bounds on LFV
decays.
4.1 Input Parameters
For the following numerical analysis we chose the MSSM parameter sets of Refs. [42,45,59].
The values of the various MSSM parameters as well as the values of the predicted MSSM mass
spectra are summarized in Tab. 2. They were evaluated with the program FeynHiggs [60–64].
For simplicity, and to reduce the number of independent MSSM input parameters, we
assume equal soft masses for the sleptons of the first and second generations (similarly for
the squarks), and for the left and right slepton sectors (similarly for the squarks). We choose
equal trilinear couplings for the stops and sbottoms and for the sleptons consider only the
stau trilinear coupling; the others are set to zero. We assume an approximate GUT relation
for the gaugino soft-SUSY-breaking parameters. The pseudoscalar Higgs mass MA and the
µ parameter are taken as independent input parameters. In summary, the six points S1. . . S6
are defined in terms of the following subset of ten input MSSM parameters at the SUSY
scale:
mL˜1 = mL˜2 , mL˜3 , (with mL˜i = mE˜i, i = 1, 2, 3)
mQ˜1 = mQ˜2 mQ˜3 , (with mQ˜i = mU˜i = mD˜i , i = 1, 2, 3)
7
At = Ab , Aτ ,
M2 = 2M1 =M3/4 , µ ,
MA , tan β .
Table 2: Selected points in the MSSM parameter space (upper part) and their corresponding
spectra in the case of setting all the δ’s to zero (lower part). All dimensionful quantities are
in GeV.
S1 S2 S3 S4 S5 S6
mL˜1,2 500 750 1000 800 500 1500
mL˜3 500 750 1000 500 500 1500
M2 500 500 500 500 750 300
Aτ 500 750 1000 500 0 1500
µ 400 400 400 400 800 300
tan β 20 30 50 40 10 40
MA 500 1000 1000 1000 1000 1500
mQ˜1,2 2000 2000 2000 2000 2500 1500
mQ˜3 2000 2000 2000 500 2500 1500
At 2300 2300 2300 1000 2500 1500
ml˜1...6 489–515 738–765 984–1018 474–802 488–516 1494–1507
mν˜1...3 496 747 998 496–797 496 1499
mχ˜±
1,2
375–531 376–530 377–530 377–530 710–844 247–363
mχ˜0
1...4
244–531 245–531 245–530 245–530 373–844 145–363
Mh 126.6 127.0 127.3 123.1 123.8 125.1
MH 500 1000 999 1001 1000 1499
MA 500 1000 1000 1000 1000 1500
MH± 507 1003 1003 1005 1003 1502
mu˜1...6 1909–2100 1909–2100 1908–2100 336–2000 2423–2585 1423–1589
md˜1...6 1997–2004 1994–2007 1990–2011 474–2001 2498–2503 1492–1509
mg˜ 2000 2000 2000 2000 3000 1200
The specific values of these ten MSSM parameters in Tab. 2 are chosen to provide different
patterns in the various sparticle masses, but all leading to rather heavy spectra and thus
naturally in agreement with the absence of SUSY signals at the LHC. In particular, all points
lead to rather heavy squarks and gluinos above 1200 GeV and heavy sleptons above 500 GeV
(where the LHC limits would also permit substantially lighter sleptons). The values of MA
within the interval (500, 1500) GeV, tan β within the interval (10, 50) and a large At within
(1000, 2500) GeV are fixed such that a light Higgs boson h within the LHC-favoured range
(123, 127) GeV is obtained.
The large values of MA > 500 GeV place the Higgs sector of our scenarios in the so-
called decoupling regime [65], where the couplings of h to gauge bosons and fermions are
close to the SM Higgs couplings, and the heavy H couples like the pseudoscalar A, and all
heavy Higgs bosons are close in mass. With increasing MA, the heavy Higgs bosons tend to
decouple from low-energy physics and the light h behaves like the SM Higgs. This type of
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MSSM Higgs sector seems to be in good agreement with recent LHC data [66]. We checked
with the code HiggsBounds [67] that this is indeed the case (although S3 is right ‘at the
border’).
Particularly, the absence of gluinos at the LHC so far forbids too low M3 and, through
the assumed GUT relation, also a too low M2. This is reflected by our choice of M2 and µ
which give gaugino masses compatible with present LHC bounds. Finally, we required that
all our points lead to a prediction of the anomalous magnetic moment of the muon in the
MSSM that can fill the present discrepancy between the Standard Model prediction and the
experimental value.
S1 S2 S3 S4 S5 S6
|δLLL12 |max 10× 10−5 7.5× 10−5 5× 10−5 6× 10−5 42× 10−5 8× 10−5
|δELR12 |max 2× 10−6 3× 10−6 4× 10−6 3× 10−6 2× 10−6 1.2× 10−5
|δERR12 |max 1.5× 10−3 1.2× 10−3 1.1× 10−3 1× 10−3 2× 10−3 5.2× 10−3
|δLLL13 |max 5× 10−2 5× 10−2 3× 10−2 3× 10−2 23× 10−2 5× 10−2
|δELR13 |max 2× 10−2 3× 10−2 4× 10−2 2.5× 10−2 2× 10−2 11× 10−2
|δERR13 |max 5.4× 10−1 5× 10−1 4.8× 10−1 5.3× 10−1 7.7× 10−1 7.7× 10−1
|δLLL23 |max 6× 10−2 6× 10−2 4× 10−2 4× 10−2 27× 10−2 6× 10−2
|δELR23 |max 2× 10−2 3× 10−2 4× 10−2 3× 10−2 2× 10−2 12× 10−2
|δERR23 |max 5.7× 10−1 5.2× 10−1 5× 10−1 5.6× 10−1 8.3× 10−1 8× 10−1
Table 3: Present upper bounds on the slepton mixing parameters |δFABij | for the selected
S1-S6 MSSM points defined in Tab. 2. The bounds for |δERLij | are similar to those of |δELRij |.
Applying the most recent limits from the above listed LFV process yield up-to-date limits
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on the δFABij [45]. Using the these upper bounds on δ
FAB
ij , as given in the Tab. 3, we calculate
the predictions for LFV Higgs decays.
4.2 BR(h→ l±i l
∓
j )
We present here the slepton mixing effects to the LFVHD. These decays were calculated using
newly modified FeynArts/FormCalc setup. The constraints from cLFV decays on slepton
δFABij ’s are very tight and we do not expect large values for the BR’s. In Fig. 3 we present
our numerical results for BR(h→ e±τ∓) and BR(h→ µ±τ∓) as a function of slepton mixing
δFABij ’s for the six points defined in the Tab. 2. BR(h → e±µ∓) can only reach O(10−17) at
maximum and we do not show them here. BR(h → e±τ∓) and BR(h → µ±τ∓) can reach
at most to O(10−9) for some parameter points, which is very small compared to an excess
at the level of the original CMS excess [5]. Such small values are expected because the
diagrams shown in Fig. 2 contain the same neutralino and chargino couplings that appear
in the cLFV decays of Fig. 1 with very strong experimental bounds [38, 39]. LFV Higgs
interaction are enhanced in the non decoupling regime (MA & MZ) [68–71] leading to larger
values for BR(h → µ±τ∓), like the ones found in Refs. [33–36] however such values for MA
are excluded on the MSSM by the H/A → ττ searches [72]. Therfore, in the framework
considered here, some other sources of LFV will be required to explain a CMS-type result
in the case that it is confirmed in the future run of the LHC. Lepton-slepton misalignment
is not sufficient to explain this excess.
5 Lepton Flavor Mixing Effects in the CMSSM-seesaw I
After presenting the MI analysis in the previous section, here we investigate the predictions
of the MSSM complemented with a ”see-saw mechanism to explain neutrino masses. In this
framework, values for δFABij are radiatively generated even if the soft terms are assumed
universal at the GUT scale.
One of the simpler implementations of the ”see-saw mechanism on the MSSM is the
type-I seesaw mechanism [7]. The superpotential for MSSM-Seesaw I can be written as
W = WMSSM + Y
ij
ν ǫαβH
α
2N
c
i L
β
j +
1
2
M ijNN
c
iN
c
j , (16)
where WMSSM is given in Eq. (1) and N
c
i is the additional superfield that contains the three
right-handed neutrinos, νRi, and their scalar partners, ν˜Ri. M
ij
N denotes the 3× 3 Majorana
mass matrix for heavy right handed neutrino. The full set of soft SUSY-breaking terms is
given by,
−Lsoft,SI = −Lsoft + (m2ν˜)ij ν˜∗Riν˜jR + (
1
2
Bijν M
ij
N ν˜
∗
Riν˜
∗
Rj + A
ij
ν h2ν˜
∗
Ri l˜Lj + h.c.) , (17)
with Lsoft given by Eq. (2), (m2ν˜)ij, Aijν and Bijν are the new soft breaking parameters.
By the seesaw mechanism three of the neutral fields acquire heavy masses and decouple
at high energy scale that we will denote asMN , below this scale the effective theory contains
the MSSM plus an operator that provides masses to the neutrinos.
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Figure 3: Lepton flavor violating decays h→ eτ and h→ µτ as a function of slepton mixing
δFABij for the six points defined in the Tab. 2.
W = WMSSM +
1
2
(YνLH2)
TM−1N (YνLH2). (18)
As right handed neutrinos decouple at their respective mass scales, at low energy we have
the same particle content and mass matrices as in the MSSM. This framework naturally
explains neutrino oscillations in agreement with experimental data [1]. At the electroweak
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scale an effective Majorana mass matrix for light neutrinos,
meff = −1
2
v2uYν ·M−1N · Y Tν , (19)
arises from Dirac neutrino Yukawa Yν (that can be assumed of the same order as the charged-
lepton and quark Yukawas), and heavy Majorana masses MN . The smallness of the neutrino
masses implies that the scale MN is very high, O(1014 GeV).
From Eqs. (16) and (17) we can observe that one can choose a basis such that the
Yukawa coupling matrix, Y ijl , and the mass matrix of the right-handed neutrinos, M
ij
N , are
diagonalized as Y δl and M
δ
R, respectively. In this case the neutrino Yukawa couplings Y
ij
ν
are not generally diagonal, giving rise to LFV [11–14, 73, 74] . Here it is important to
note that the lepton-flavor conservation is not a consequence of the SM gauge symmetry,
even in the absence of the right-handed neutrinos. Consequently, slepton mass terms can
violate the lepton-flavor conservation in a manner consistent with the gauge symmetry. Thus
the scale of LFV can be identified with the EW scale, much lower than the right-handed
neutrino scale MN . In the basis where the charged-lepton masses Yℓ is diagonal, the soft
slepton-mass matrix acquires corrections that contain off-diagonal contributions from the
RGE running from MGUT down to the Majorana mass scale MN , of the following form (in
the leading-log approximation, assuming that MN is a common scale for the three heavy
neutrino masses) [10]:
(m2
L˜
)ij ∼ 1
16π2
(6m20 + 2A
2
0)
(
Yν
†Yν
)
ij
log
(
MGUT
MN
)
(m2e˜)ij ∼ 0
(Al)ij ∼ 3
8π2
A0Yli
(
Yν
†Yν
)
ij
log
(
MGUT
MN
)
(20)
Below this scale, the off-diagonal contributions remain almost unchanged.
The values of δFABij depend on the structure of Yν at a see-saw scale MN in a basis where
Yl and MN are diagonal. By using the approach of Ref. [12] a general form of Yν containing
all neutrino experimental information can be wtritten as:
Yν =
√
2
vu
√
M δRR
√
mδνU
† , (21)
where R is a general orthogonal matrix and mδν denotes the diagonalized neutrino mass
matrix. In this basis the matrix U can be identified with the UPMNS matrix obtained as:
mδν = U
TmeffU . (22)
In order to find values for the slepton generation mixing parameters we need a specific
form of the product Y †ν Yν as shown in Eq. (20). The simple consideration of direct hierar-
chical neutrinos with a common scale for right handed neutrinos provides a representative
reference value. In this case using Eq. (21) we find
Y †ν Yν =
2
v2u
MRUm
δ
νU
† . (23)
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Here MR is the common mass assigned to the νR’s. In the conditions considered here, LFV
effects are independent of the matrix R.
In order to perform our calculations, we used SPheno [75] to generate the CMSSM-
seesaw I particle spectrum by running RGE from the GUT down to the EW scale. The
particle spectrum was handed over in the form of an SLHA file [76] to FeynArts/FormCalc
setup via FeynHiggs [60–64] to calculate LFVHD whereas cLFV decays were calculated with
SPheno 3.2.4. The following section describes the details of our computational setup.
5.1 Input Parameters
For our scans of the CMSSM-seesaw I parameter space we use SPheno 3.2.4 [75] with
the model “see-saw type-I” as in Ref. [43]. For the numerical analysis the values of the
Yukawa couplings etc. have to be set to yield values in agreement with the experimental data
for neutrino masses and mixings. In our computation, by considering a normal hierarchy
among the neutrino masses, we fix mν3 ∼
√
∆m2atm ∼ 0.05 eV and require mν2/mν3 = 0.17,
mν2 ∼ 100 ·mν1 consistent with the measured values of ∆m2sol and ∆m2atm [1]. The matrix
U in Eq. 21 is identified with UPMNS with the CP-phases set to zero and neutrino mixing
angles set to the center of their experimental values. When the Yν of Eq. 21 is constructed
using these values for mδν and common values for M
δ
R = MN we find representative values
for the δFABij ’s. Since these depend only on the product Y
†
ν Yν , they are independent on the
orthogonal matrix R that can be set equal to the identity. By setting MN = 10
14 GeV, the
values Yν remain perturbative. An example of models with almost degenerate νR can be
found in [73]. For our numerical analysis we tested several scenarios and we found that the
one defined here is the simplest and also the one with larger LFV prediction.
In order to get an overview about the size of the effects in the CMSSM-seesaw I parameter
space, the relevant parameters m0, m1/2 have been scanned as, or in case of A0 and tan β
have been set to all combinations of
m0 = 500 GeV . . . 5000 GeV , (24)
m1/2 = 1000 GeV . . . 3000 GeV , (25)
A0 = −3000,−2000,−1000, 0 GeV , (26)
tanβ = 10, 20, 35, 45 , (27)
with µ > 0.
Our numerical results in the CMSSM-seesaw I are shown in Figs. 4 - 10. We have checked
numerically that the dependence on tan β is not very prominent, but going from A0 = 0 to
−3000 GeV has a strong impact on the δFABij . For small A0 the size of the δFABij is increasing
with larger m0 and m1/2, for A0 = −3000 GeV the largest values are found for small m0 and
m1/2. We present the results in the m0–m1/2 plane for tanβ = 45 and A0 = −3000 GeV only,
capturing the “largest” case. We start presenting the two most relevant δFABij . Left plot in
Figs. 4 show δLLL13 , right plot show δ
LLL
23 . As expected, δ
LLL
23 turns out to be largest ofO(0.01),
while the δLLL13 is one order of magnitude smaller. Contraints imposed by the Higgs mass are
displayed on the plots, the areas above the line corresponding to Mh = 128 GeV and below
Mh = 122 GeV are excluded. Here we do not impose the satisfaction of the Cosmological
bounds on neutralino relic density, because this is only achieved on a few selected areas of
the plots (an updated review can be found in Ref. [77] and references therein).
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Figure 4: Contours of δLLL13 (Left) and δ
LLL
23 (Right) in the m0–m1/2 plane in the CMSSM-
seesaw I. The line labeled as 128, correponds to a prediction Mh = 128 GeV (see text), on
the area above this line the prediction for Mh is higher.
5.2 BR(li → ljγ)
The experimental limit BR(µ→ eγ) < 5.7× 10−13 put severe constraints on slepton δFABij ’s
as discussed before. In Fig. 5, we show the predictions for BR(µ → eγ) in m0–m1/2 plane
for different values of A0 and tanβ in CMSSM-seesaw I. The selected values of Yν result in
a large prediction for, e.g., BR(µ→ eγ) that can eliminate some of the m0–m1/2 parameter
plane, in particular combinations of low values of m0 and m1/2. For tanβ = 10 and A0 = 0,
BR(µ→ eγ) (upper left plot of Fig. 5) do not exclude any region in m0–m1/2 plane, whereas
with tan β = 10 and A0 = −3000 lower left region below m0, m1/2 = 2000 is excluded
(see upper right plot of Fig. 5). For combinations like tanβ = 45, A0 = 0 and tanβ = 45,
A0 = −3000 even larger parts of the plane are excluded by BR(µ→ eγ). In Fig. 6 and Fig. 7,
we show the predictions for BR(τ → eγ) and BR(τ → µγ) respectively. It can be seen that
these processes do not reach their respective experimental bounds BR(τ → eγ) < 3.3×10−8,
BR(τ → µγ) < 4.4× 10−8. Consequently they do not exclude any parameter space.
5.3 BR(h→ l±i l
∓
j )
As we explained before, we do not expect large BR for LFVHD, due to the fact that in our
models they are correlated to the restricitive bounds on the cLFV decays. Fig. 8 shows the
results for BR(h→ eµ). The largest value is of the O(10−16) for low m0 and m1/2 values but
is excluded from BR(µ → eγ). In the allowed range they are typically O(10−18). Similarly
Fig. 9 and Fig. 10 shows the predictions for BR(h → eτ) and BR(h → τµ) respectively.
Predictions of the O(10−14) and O(10−12) are possible for BR(h→ eτ) and BR(h→ τµ) in
the lower left region of the m0–m1/2 plane respectively but are excluded from BR(µ → eγ)
bound. In the allowed region they are of the O(10−16) or less. These results could not explain
a CMS-type excess. We have also analysed other high scale see-saw models like Type II and
Type III see-saw. However, the predictions for LFVHD are again very small compared to a
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Figure 5: Contours of BR(µ→ eγ) in the m0–m1/2 plane for different values of tan β and A0
in the CMSSM-seesaw I. The area below the 5.7×10−13 bound is excluded. The line labeled
as 122 (128) on the plots of the left (right), correponds to a prediction Mh = 122(128) GeV
(see text), for the area below (above) this line the prediction for Mh is lower (higher) than
this value.
possible CMS-type excess and we do not show them here. While it is possible to get large
predictions for the LFVHD by using neutrino textures that somehow suppress BR(µ→ eγ),
however for the realistic scenerios it is very difficult to get large predictions because off-
diagonal enteries in the mass matrix of the slepton are the only source of LFV and large
off-diagonal enteries will result in larger values of BR(µ → eγ) unless mixing between first
and second generation of the leptons is artificially suppressed. Although, ATLAS reports
are not in contradiction with CMS ones, it remains to be seen how these results will develop
with the LHC Run II.
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Figure 6: Contours of BR(τ → eγ) in the m0–m1/2 plane for different values of tanβ and A0
in the CMSSM-seesaw I. Lines labeled as 122 and 128 are as descibred in Figs.4 and 5
6 Conclusions
In this paper we have analyzed the Lepton Flavor Violation effects arising from the super-
symmetric extension of the SM. We study several observables that can be sensitive to these
effects. We take into account the restrictions imposed by the non-observation of charged
Lepton Flavor Violation (cLFV) processes on the MSSM slepton mass parameters to study
the impact of LFV effects to lepton flavour violating decays of CP-even light Higgs boson
(LFVHD). As a computation framework, we consider first a model independent selection
of parameters of the MSSM and later some specific neutrino motivated SUSY models: con-
strained MSSM (CMSSM) extended by high scale seesaw models in particular Type-I seesaw
mechanism.
For the model independent approach of Sect. 4 we consider six phenomenologically mo-
tivated benchmark points. These scenarios were studied before to extract the various δFABij
allowed by cLFV processes in Ref. [45]. Here, we impose their values to evaluate decay rates
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Figure 7: Contours of BR(τ → µγ) in the m0–m1/2 plane for different values of tan β and
A0 in the CMSSM-seesaw I. Lines labeled as 122 and 128 are as descibred in Figs.4 and 5
for the LFVHD. It turns out that it is very difficult to get large predictions for the LFVHD
due to very strict constraints from cLFV decays. The prediction for BR(h → µτ) can be
O(10−9) at maximum, which is very small compared to the possible CMS-type excess.
Going to the CMSSM-seesaw I the numerical results were presented in Sect. 5. We have
chosen a set of parameters consistent with the observed neutrino data and simultaneously
induces large LFV effects and induces relatively large corrections to the calculated observ-
ables. Consequently, parts of the parameter space are excluded by the experimental bounds
on BR(µ → eγ). As it was expected the prediction for the BR of LFVHD turned out very
small in all the scenarios considered. We can conclude that we may need additional sources
of lepton flavor violation (other then already present in the high scale see-saw models) to
explain a CMS-type excess for the channel BR(h → µτ). Other neutrino motivated SUSY
scenarios such as the inverse see-saw models can enhance lepton flavor violating Higgs boson
decay rates [78, 79]. However, the latest results from CMS, if confirmed, will impose severe
constraints on these models.
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Figure 8: Contours of BR(h → eµ) in the m0–m1/2 plane for different values of tanβ and
A0 in the CMSSM-seesaw I. Lines labeled as 122 and 128 are as descibred in Figs.4 and 5
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